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MULTI-CYLINDER INTERNAL
COMBUSTION ENGINE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a national phase application of Inter-
national Application No. PCT/JP2013/062278, filed Apr. 25,
2013, the content of which is incorporated herein by refer-
ence.

TECHNICAL FIELD

The present invention relates to a multi-cylinder internal
combustion engine that 1s equipped with an EGR device.

BACKGROUND ART

An internal combustion engine 1s per se known 1n which
condensed water generated by the EGR cooler 1s stored, and
this stored condensed water 1s injected into the intake
passage (refer to Patent Document #1). Apart from the
above, 1t may be considered that Patent Document #2 in the
Citation List below may have some relevance to the present
invention.

CITATION LIST

Patent Literature

Patent Document #1: JP1998-318049A.
Patent Document #2: JP2003-201922A.

SUMMARY OF INVENTION

Technical Problem

With the internal combustion engine of Patent Document
#1, along with an intake air, the condensed water that has
been injected 1nto the intake passage being supplied into the
cylinders, the combustion temperature 1s kept down by this
condensed water that has been supplied into the cylinders
being vaporized. However, since the condensed water 1s
acidic, 1f a pump 1s employed to supply the condensed water
into the cylinders, there may be a problem with corrosion of
the pump.

Accordingly, the object of the present mmvention is to
provide a multi-cylinder imnternal combustion engine that, by
supplying condensed water into the cylinders without using
any pump, 1s capable of avoiding corrosion of such a pump.

Solution to Technical Problem

The multi-cylinder internal combustion engine of the
present invention 1s a multi-cylinder internal combustion
engine to which an EGR device comprising an EGR cooler
1s provided, for which a valve overlap period in which valve
opening periods ol intake valves and of exhaust valves
overlap one another 1s set, and moreover comprising a
plurality of cylinders, and comprising: a plurality of exhaust
side branch conduits, one provided for each of the cylinders;
a condensed water accumulation portion configured to store
condensed water generated by the EGR cooler; and a
plurality of condensed water introduction conduits, one
provided for each of the exhaust side branch conduits and
communicating the exhaust side branch condwt with the
condensed water accumulation portion.
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According to this multi-cylinder internal combustion
engine, for each cylinder, the exhaust side branch conduit
and the condensed water accumulation portion are commu-
nicated together by the condensed water introduction con-
duit. Due to this, when the intake stroke of one cylinder and
the exhaust stroke of another cylinder overlap one another,
the exhaust gas pulsation generated by the exhaust stroke of
the other pressurizes the interior of the condensed water
accumulation portion via the condensed water introduction
conduit. And, due to the interior of the condensed water
accumulation portion being thus pressurized, during the
valve overlap period 1n the intake stroke of the one cylinder,
the pressure at the outlet of 1ts condensed water introduction
conduit that 1s connected to 1ts exhaust side branch conduit
1s reduced below the pressure within the condensed water
accumulation portion. Due to this pressure difference, during
the valve overlap period, condensed water that has been
accumulated 1n the condensed water accumulation portion 1s
supplied to the exhaust side branch condut and thence to the
one cylinder via the condensed water introduction conduait.
Thus, with the multi-cylinder 1internal combustion engine of
the present invention, since 1t 1s possible to supply the
condensed water into the cylinder in this manner without
using any pump, accordingly 1t 1s possible to avoid the
problem of corrosion of such a pump.

As an aspect of the multi-cylinder internal combustion
engine of the present invention, there may be further pro-
vided a variable valve gear capable of varying the length of
the valve overlap period, and a condensed water supply
amount control device configured to control the variable
valve gear so that the length of the valve overlap period
changes on the basis of a requested supply amount of the
condensed water to be supplied 1into the cylinders via the
condensed water introduction conduits. According to this
aspect, 1t 1s possible to change the amount of condensed
water that 1s supplied into the cylinders by changing the
length of the valve overlap period with the variable valve
gear. Due to this, 1t 1s possible to adjust the amount of
condensed water supplied into the cylinders to an appropri-
ate level.

It would also be possible, according to this aspect of the
present invention, for the condensed water supply amount
control device to correct the length of the valve overlap
period 1n the direction to decrease it when the temperature
of the exhaust gas 1s higher than a predetermined standard
temperature. When condensed water 1s supplied to the
exhaust side branch conduits, some of that water remains
stagnant 1n the exhaust side branch conduits, while other
portions are conducted into the cylinders. If the ratio
between the condensed water that remains stagnant in the
exhaust side branch conduits and the condensed water that
1s conducted into the cylinders i1s appropriate, then the
exhaust gas temperature 1s maintained at the standard tem-
perature. But there 1s a possibility that the relationship
between this ratio and the standard temperature may change
due to mdividual differences between engines and due to
long term deterioration. If the proportion of condensed water
that 1s conducted into the cylinders 1s excessive, then the
exhaust gas temperature will become higher than the stan-
dard temperature. On the other hand, 1f the proportion of
condensed water that 1s conducted into the cylinders 1is
isuilicient, then the exhaust gas temperature will become
lower than the standard temperature. Accordingly, by cor-
recting the length of the valve overlap period in the direction
to decrease it 1f the exhaust gas temperature 1s higher than
the standard temperature as described above, since the
amount of condensed water that 1s conducted into the
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cylinders 1s reduced, accordingly it 1s possible to bring the
previously excessive amount of the condensed water that 1s
supplied into the cylinders closer to an appropriate value.

As an aspect of the multi-cylinder internal combustion
engine of the present invention, the variable valve gear may °
be adapted to be able to open the exhaust valves during an
intake stroke aiter the valve overlap period has ended; and
the condensed water supply amount control device may be
configured to control the variable valve gear so that, 11 a
requested value for the length of the valve overlap period on
the basis of the requested supply amount 1s greater than an
upper limit value, the exhaust valves are opened during the
intake stroke after the valve overlap period has ended. Since
there 1s an upper limit upon the length of the value overlap
period due to limitations upon the mechanism, accordingly
increasing the amount of condensed water that 1s supplied by
increasing the length of the valve overlap period 1s subject
to limitation. According to this aspect of the present inven-
tion, 11 the requested value for the length of the valve overlap
period exceeds the upper limit value, then, after the valve
overlap period has ended and the exhaust valves have
temporarily closed, i1t 1s possible to conduct additional
condensed water into the cylinders by opening the exhaust
valves again. By doing this, it 1s possible to increase the limit
upon the amount of condensed water that 1s supplied into the
cylinders.

As an aspect of the multi-cylinder internal combustion
engine of the present invention, the EGR cooler and the
condensed water accumulation portion may be disposed
vertically above the plurality of exhaust side branch con-
duits. According to this aspect of the present invention, 1t 1s
possible to supply condensed water from the condensed
water accumulation portion ito the exhaust side branch
conduits, not only by utilizing the pressure diflerences
between the inlets of the condensed water introduction
conduits which are connected to the condensed water accu-
mulation portion and the outlets of the condensed water
introduction conduits which are connected to the exhaust
side branch conduits, but also by taking advantage of
gravity. Due to this, the supply of condensed water becomes
simple and easy, as compared to the case in which the EGR
cooler and the condensed water accumulation portion are not
disposed vertically above the exhaust side branch conduits. 45
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BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a figure schematically showing a multi-cylinder
internal combustion engine according to an embodiment of 50
the present invention in its state as seen vertically from
above;

FIG. 2 1s a sectional view taken along lines II-1I in FIG.

1

FIG. 3 1s a figure showing the situation as seen from the 55
direction of the arrow sign III 1n FIG. 1;

FIG. 4 1s an explanatory figure for explanation of the
method by which condensed water 1s introduced;

FIG. 5 1s a flow chart showing an example of a control
routine according to a first embodiment;

FIG. 6 1s a flow chart showing an example of a control
routine according to a second embodiment;

FI1G. 7 1s a figure schematically showing the structure of
a calculation map for calculating a requested valve overlap
amount;

FIG. 8 1s an explanatory figure for explanation of the
details of control according to a third embodiment; and

60
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FIG. 9 1s a flow chart showing an example of a control
routine according to this third embodiment.

DESCRIPTION OF EMBODIMENTS

Embodiment #1

As shown 1 FIG. 1 through FIG. 3, a multi-cylinder
internal combustion engine 1 (hereinafter termed the
“engine”) 1s built as a four-cylinder type in line diesel engine
in which four cylinders 2 are arranged along a straight line.
This engine 1 1s, for example, mounted as a power source for
an automobile. The engine 1 comprises a cylinder block 3 1n
which the cylinders 2 are formed, and a cylinder head 4 that
1s attached to the cylinder block 3 so as to close the upper
openings of the cylinders 2. Pistons 5 are inserted into the
cylinders 2 and reciprocate freely therein. In order to supply
fuel 1into the cylinders 2, each of the cylinders 2 1s provided
with a fuel injector 6, which 1s fitted to 1ts cylinder so that
its end 1s exposed 1n the ceiling portion thereof. Fuel is
supplied under pressure to these fuel injectors 6 via a
common rail not shown in the figures.

An intake passage 10 and an exhaust passage 11 are
connected to the cylinders 2. Air conducted through the
intake passage 10 1s charged 1nto each of the cylinders 2 1n
order. When the cylinders are numbered as #1, #2, #3, and
#4 m order from the left to the right mm FIG. 1, the
combustion sequence of this engine 1 1s set to #1 — #3 —
#2. Fuel injected into the cylinders 2 from the fuel injectors
6 1s self-ignited 1n their compression strokes according to
this combustion sequence. And the exhaust gas after com-
bustion 1s conducted to the exhaust passage 11, with this
exhaust gas conducted to the exhaust passage 11 being
emitted to the atmosphere after having been purified by an
exhaust gas purification device not shown 1n the figures.

The intake passage 10 comprises an imntake conduit 12 nto
which air 1s conducted after having been filtered by an air
filter not shown 1n the figures, an intake manifold 13 that
distributes this air conducted into the intake conduit 12 to the
cylinders 2, and intake ports 14 that are connected to branch
conduits 13a into which the intake manifold 13 branches and
that are formed 1n the cylinder head 4 so as to lead to the
cylinders 2. The exhaust passage 11 comprises four exhaust
side branch conduits 135 one of which 1s provided for each of
the cylinders 2, and an exhaust manifold 16 into which these
exhaust side branch conduits 15 converge. Each of the
exhaust side branch conduits 15 comprises an exhaust port
17 that 1s formed in the cylinder head 4 so as to lead to one
of the cylinders 2, and a branch conduit 16a of the exhaust
mamnifold 16 that 1s connected to that exhaust port 17.

Each of the intake ports 14 for a single cylinder 2
branches mto two, and these two branch portions open 1nto
the cylinder 2. These opening portions of the intake port 14
are opened and closed by intake valves 20, two of which are
provided for each cylinder 2. In a similar manner, each of the
exhaust ports 17 for a single cylinder 2 branches nto two,
and these two branch portions open into the cylinder 2.
These opening portions of the exhaust port 17 are opened
and closed by exhaust valves 21, two of which are provided
for each cylinder 2. The intake valves 20 are driven to open
and close at timings (1.e. at crank angles) that are determined
in advance by a per se known valve gear (not shown 1n the
figures). On the other hand, the exhaust valves 21 are driven
to open and close by a variable valve gear 23. This variable
valve gear 23 1s a per se¢ known mechanism that 1s capable
of continuously varying the characteristics at which the
exhaust valves 21 are driven, such as their opening timings,
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their operating angles, their lift amounts, and so on. Due to
the operation of the variable valve gear 23, it 1s possible to
vary the length of the valve overlap period by which the
valve opening periods of the intake valves 20 and the valve
opening periods of the exhaust valves 21 overlap. Moreover,
it 15 also possible to operate the variable valve gear 23 so as
to provide so-called double opening 1n which, after each
exhaust valve 21 has closed, that exhaust valve 21 opens for
a second time and thereafter closes again.

As shown 1n FIG. 1, an EGR device 235 1s provided to the
engine 1 and implements EGR (Exhaust Gas Recirculation)
in which a portion of the exhaust gas 1s recirculated into the
intake system, 1n order to reduce nitrogen oxides (NOx) and
enhance fuel consumption. This EGR device 25 comprises
an EGR passage 26 that connects the exhaust passage 11 to
the intake passage 10, an EGR cooler 27 that cools the
exhaust gas 1n this EGR passage 26, and an EGR valve 28
for adjusting the flow rate of exhaust gas (1.e. of EGR gas)
conducted to the intake passage 10. The end portion of this
EGR passage 26 on the exhaust gas side opens to the exhaust
side branch conduit 15 of the #1 cylinder 2, while 1ts end
portion on the intake side opens to the intake manifold 13.
As 1s per se known, the EGR cooler 27 1s a device that
utilizes the cooling water of the engine 1 as a coolant, and
that lowers the temperature of the exhaust gas (i.e of the
EGR gas) by performing heat exchange between this coolant
and the hot exhaust gas. Due to the temperature of the EGR
gas dropping 1n this way, moisture included in the EGR gas

condenses, and accordingly condensed water 1s generated
within the EGR cooler 27.

As shown i FIG. 2 and FIG. 3, a condensed water
processing device 30 1s provided to the engine 1 in order to
perform processing and retrieving of the condensed water
CW generated by the EGR cooler 27. This condensed water
processing device 30 comprises a storage tank 31 that stores
the condensed water CW as the condensed water accumu-
lation portion, a connecting pipe 32 that connects the EGR
cooler 27 to the storage tank 31, and four condensed water
introduction conduts 33 for introducing the condensed
water CW 1n the storage tank 31 to the four exhaust side
branch conduits 15. One of these condensed water introduc-
tion conduits 33 1s provided for each of the exhaust side
branch conduits 15, so that each of these condensed water
introduction conduits 33 1s communicated with 1ts corre-
sponding exhaust side branch conduit 15 and with the
storage tank 31.

In order for it to be possible for the condensed water CW
generated by the EGR cooler 27 to be efliciently retrieved to
the storage tank 31, the EGR cooler 27 1s disposed so that
its bottom portion 27a 1s inclined with respect to the
horizontal direction, and moreover the opeming portion of
the connecting pipe 32 1s provided at the lowermost portion
of the bottom portion 27a of the EGR cooler 27. Further-
more, the EGR cooler 27 and the storage tank 31 are
disposed vertically above the exhaust side branch conduits
15. Due to this, the introduction of the condensed water CW
into the exhaust side branch conduits 15 becomes simple and
casy, since 1t 1s possible to take advantage of gravity to
perform this introduction. It should be understood that, in
order to prevent exhaust gas from flowing backward through
the condensed water introduction conduits 33 into the EGR
cooler 27, a non-return valve 35 1s provided to the connec-
tion pipe 32. The non-return valve 33 prevents flow of fluid
from the storage tank 31 toward the EGP cooler 27, while
permitting tlow of fluid 1n the opposite direction.

Introduction of the condensed water CW 1nto the exhaust
side branch condwts 15 1s implemented during the valve
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overlap periods of the cylinders 2. For example, as shown 1n
FIG. 4, the case may be considered of overlap of the intake
stroke of the #1 cylinder 2 and the exhaust stroke of the #3
cylinder 2. In this case, as shown by the arrow sign fa, the
exhaust gas pulsation generated by the exhaust gas stroke of
the #3 cylinder 2 pressurizes the iterior of the storage tank
31 via the corresponding condensed water introduction
conduit 33. In other words, the internal pressure P of the
storage tank 31 1s raised because of the exhaust gas pulsation
generated by the exhaust gas stroke of the #3 cylinder 2. Due
to this, during the valve overlap period at the intake stroke
of the #1 cylinder 2, the pressure Pout at the outlet 335 of
its condensed water introduction conduit 33 1s reduced
below the internal pressure P of the storage tank 31, in other
words 1s reduced below the pressure Pin at the inlet 33a of
1ts condensed water introduction conduit 33. And, due to this
pressure difference, as shown by the arrow sign fw, during
the valve overlap period, some of the condensed water CW
that 1s stored in the storage tank 31 1s supplied via the
corresponding condensed water introduction conduit 33 to
the exhaust side branch conduit 15, and thence to the #1
cylinder 2. It should be understood that, since the exhaust
valves 21 and the intake valves 20 of the #2 cylinder 2 and
of the #4 cylinder 2 are all closed, accordingly the inlet
pressures Pin and the outlet pressures Pout of the condensed
water introduction conduits 33 that are provided to these
cylinders 2 are in equilibrium, so that no condensed water
CW 1s supplied to those cylinders 2. Since with this engine
1 1t 1s possible to supply the condensed water CW 1into the
cylinders 2 in this manner, accordingly no pump 1is
employed, and thus 1t 1s possible to avoid corrosion of such
a pump.

As can be surmised from the above explanation, 1t is
possible to change the amount of condensed water that 1s
supplied to the cylinders 2 by changing the length of the
valve overlap period. Accordingly, in this engine 1, the
amount of condensed water that 1s supplied 1s made to be
appropriate by changing the length of the valve overlap
period. As shown 1n FIG. 1, this engine 1 1s provided with
an engine control unit (ECU) 40 that 1s built as a computer
that controls various sections of the engine 1. The ECU 40
performs control of the main operations of the engine 1, such
as control of the fuel 1njection valves 6 and control of the
variable valve gear 23 and so on. In this embodiment, the
ECU 40 1s also used for processing related to the condensed
water. Signals from a large number of sensors that detect
various physical quantities for ascertaining the operational
state of the engine 1 are inputted to the ECU 40. For
example, to cite sensors that have some relevance to the
present invention: a crank angle sensor 41 that outputs a
signal corresponding to the crank angle of the engine 1, an
accelerator opening amount sensor 42 that outputs a signal
corresponding to the amount by which an accelerator pedal
37 1s stepped upon (1.e. an accelerator opening amount), an
exhaust gas temperature sensor 43 that outputs a signal
corresponding to the temperature of the exhaust gas flowing
in the exhaust passage 11, and so on, are provided to the
engine 1, and the output signals of these sensors are inputted
to the ECU 40.

The program of the control routine of FIG. 3 1s stored 1n
the ECU 40, and 1s read out in a timely manner and
repeatedly executed at predetermined calculation intervals.
First, in a step S11, the ECU 40 acquires the operational state
of the engine 1. Here, the ECU 40 acquires the engine
rotational speed Ne and the fuel injection amount Q of the
engine 1. The engine rotational speed is calculated on the
basis of the output signal the crank angle sensor 41, and the
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fuel 1jection amount Q 1s calculated on the basis of the
output signal of the accelerator opening amount sensor 42.

In a step S12, the ECU 40 calculates a requested supply
amount Qw of condensed water that 1s to be supplied to the
cylinders 2 via the condensed water introduction conduit 33. 5
Since the appropriate amount of condensed water that
should be supplied to the cylinders 2 changes according to
the operational state of the engine 1, accordingly this cal-
culation of the requested supply amount Qw 1s implemented
on the basis of the operational state of the engine 1 that has 10
been acquired 1n the step S11. In concrete terms, a map (not
shown 1n the figures) giving the requested supply amount
Qw 1n terms of the engine rotational speed Ne and the tuel
injection amount () as variables 1s created in advance by
simulation and by performing testing upon actual equip- 15
ment, and this map 1s stored in the ECU 40. The ECU 40
searches 1n this map, and finds the requested supply amount
Qw of condensed water that corresponds to the engine
rotational speed Ne and the fuel mjection amount (Q that
were acquired in the step S11. 20

In a step S13, the ECU 40 calculates a valve overlap
period length (1.e. a valve overlap amount OL) that corre-
sponds to the requested supply amount . This valve overlap
amount OL 1s defined 1n terms of crank angle. When the
operational state of the engine 1 changes, such as its 25
rotational speed and so on, the valve overlap amount OL that
1s appropriate for obtaining the requested supply amount Qw
also changes. Due to this, a map (not shown 1n the figures),
giving the valve overlap amount OL 1n terms of the
requested supply amount Qw, the engine rotational speed 30
Ne, and the fuel injection amount ) as variables, 1s created
in advance by simulation and by performing testing upon
actual equipment, and this map 1s stored 1n the ECU 40. The
ECU 40 searches in this map, and calculates the valve
overlap amount OL that corresponds to the engine rotational 35
speed Ne and the fuel mjection amount () that were acquired
in the step S11 and to the requested supply amount Qw that
was calculated in the step S12.

In a step S14, the ECU 40 controls the variable valve gear
23 so as to implement the valve overlap amount OL that was 40
calculated 1n the step S13. And then this cycle of the routine
terminates. Due to this, 1t 1s possible to adjust the amount of
condensed water supplied to the cylinders 2 1n an appropri-
ate manner. By executing the control routine of FIG. 5, the
ECU functions as the “condensed water supply amount 45
control device” of the Claims of this application.

Embodiment #2

Next, a second embodiment of the present invention will 50
be explained with reference to FIG. 6 and FIG. 7. Except for
the details of the control of the variable valve gear 23 for
performing processing related to the condensed water, this
second embodiment 1s the same as the first embodiment
described above. Accordingly, in the following description, 55
explanation of elements that are the same as in the first
embodiment will be omitted or abbreviated. For the physical
structure of the engine 1 of this second embodiment, refer-
ence should be made to FIGS. 1 through 3.

The program of the control routine of FIG. 6 1s stored in 60
the ECU 40, and 1s read out in a timely manner and
repeatedly executed at predetermined calculation intervals.
The details of the processing in the step S21 and the step S22
are the same as the details of the corresponding processing
in the first embodiment (refer to FIG. 4). In other words, 1n 65
the step S11 the ECU 40 acquires the operational state of the
engine 1, and 1 the step S22 the ECU 40 calculates the
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requested supply amount Qw of condensed water on the
basis of the map described above.

In a step S23, the ECU 40 acquires the magnitude of the
pulsations of the exhaust gas, in other words acquires the
exhaust gas pulsation amplitude Am. This exhaust gas
pulsation amplitude Am 1s defined as being the average
value of the amplitude over a predetermined time period.
The exhaust gas pulsation amplitude Am may, for example,
be measured by providing a pressure sensor in the exhaust
mamnifold 16, but in this embodiment the exhaust gas pul-
sation amplitude Am 1s estimated by the ECU 40 on the basis
of the engine rotational speed Ne and the fuel 1njection
amount (). As will be clear from the above explanation and
by reference to Fig. 4, when this exhaust gas pulsation
amplitude Am becomes larger, since the iternal pressure P
in the storage tank 31 becomes larger to the same extent,
accordingly the pressure diflerences between the nlet pres-
sure Pin and the outlet pressure Pout of the condensed water
introduction conduits 33 become larger. Due to this, when
the exhaust gas pulsation amplitude Am becomes large, the
flow rate of the condensed water CW flowing into the
exhaust side branch conduits 15 from the condensed water
introduction conduits 33 becomes large. Accordingly, as
explained heremaftter, the supply of condensed water can be
made more accurate by calculating the requested supply
amount Qw 1 consideration of the exhaust gas pulsation
amplitude Am.

In a step S24, on the basis of the requested supply amount
Qw, the ECU 40 calculates a requested value for the valve
overlap amount OL, 1 other words calculates a requested
valve overlap amount OLt. This calculation of the requested
valve overlap amount OLt 1s implemented by utilizing a
calculation map Mc having characteristics like those shown
in FIG. 7, and which has been created on the basis of
simulation or testing with actual equipment. In other words,
by searching the calculation map Mc, the ECU 40 specifies
a requested valve overlap amount OLt corresponding to the
requested supply amount Qw that was calculated 1n the step
S22 and to the exhaust gas pulsation amplitude Am that was
acquired 1n the step S23.

Due to limitations of the mechanism, there 1s an upper
limit value upon the valve overlap amount. Because of this,
as shown 1n FIG. 7, 1f the requested valve overlap amount
OLt defined upon the calculation map Mc exceeds this upper
limit value OLmax, then 1t 1s not possible to implement this
requested valve overlap amount OLt. Accordingly, 1n a step
S25, the ECU 40 makes a decision as to whether or not the
requested valve overlap amount OLt 1s less than or equal to
the upper limit value OLmax.

If the requested valve overlap amount OLt 1s less than or
equal to the upper limit value OLmax, then the flow of
control proceeds to a step S26 1n which the requested valve
overlap amount OLt 1s set to the valve overlap amount OL,
which 1s the command value for the variable valve gear 23.
And then 1 a step S27 the ECU 40 controls the variable
valve gear 23 so as to implement this valve overlap amount
OL that has been set in the step S26. Then this cycle of the
routine terminates.

On the other hand, 11 the requested valve overlap amount
OLt 1s greater than the upper limit value OLmax, then the
flow of control 1s transierred to a step S28, 1n which the ECU
40 controls the variable valve gear 23 so as to implement
double opening operation of the exhaust valves 21. In detail,
first, the ECU 40 controls the vaniable valve gear 23 so as to
implement valve overlap with the upper limit value OLmax.
And next the ECU 40 calculates the amount of excess of the
requested valve overlap amount OLt with respect to the
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upper limit value OLmax, and calculates a valve opening
characteristic for the exhaust valves 21, such as operating

angle or the like, that corresponds to this excess amount.
And the ECU 40 controls the varniable valve driving mecha-
nism 23 so that, after the end of valve overlap when the
exhaust valves 21 have been closed, the exhaust valves 21
are opened again according to this valve opening character-
istic. And then this cycle of the routine terminates.

In this manner, if the requested valve overlap amount OLt
1s greater than the upper limit value OLmax, 1t 1s possible
additionally to introduce turther condensed water into the
cylinders 2 by double operation of the exhaust valves 21
being implemented. Due to this 1t 1s possible to eliminate
any deficiency in the supply of condensed water into the
cylinders, since 1t 1s possible to increase the upper limit for
the supply of condensed water. Moreover, 1t 1s possible to
suppress any tendency for the supply of condensed water to
become excessive, since, when the exhaust valves 21 are
opened for the second time, the exhaust valves 21 are
operated with a valve opening characteristic that corre-
sponds to the excess amount of the requested valve overlap
amount OLt with respect to the upper limit value OLmax.
By executing the control routine of FIG. 6, the ECU 40
functions as the “condensed water supply amount control
device” of the Claims of this application.

Embodiment #23

Next, a third embodiment of the present invention will be
explained with reference to FIG. 8 and FIG. 9. Except for the
details of the control or the variable valve gear 23 for
performing processing related to the condensed water, this
third embodiment 1s the same as the first embodiment or the
second embodiment described above. Accordingly, 1n the
following description, explanation of elements that are the
same as 1n the first embodiment or 1n the second embodi-
ment will be omitted or abbreviated. For the physical
structure of the engine 1 of this third embodiment, reference
should be made to FIGS. 1 through 3. Moreover, this third
embodiment can be implemented in combination with the
control of the first embodiment (refer to FIG. 5), and also
can be implemented 1n combination with the control of the
second embodiment (refer to FIG. 6). In the following, the
combination of this embodiment with the control of the first
embodiment will be explained.

This engine 1 1s one 1n which the condensed water 1s not
directly 1mntroduced into the cylinders 2, but 1s one 1n which
the condensed water 1s imntroduced into the cylinders 2 via the
exhaust side branch conduits 15. Due to this, when con-
densed water 1s supplied 1nto one of the exhaust side branch
conduits 15, one portion thereof remains stagnant within that
exhaust side branch conduit 15, while the other portion
thereol flows into the cylinder 2. The ratio between the
amount of the condensed water that remains stagnant within
the exhaust side branch conduit 15 and the amount of the
condensed water that flows into the cylinder 2 1s determined
by the specification of the engine 1 such as the construction
of the engine 1 or the position of introduction of the
condensed water and so on. If this ratio 1s appropriate, then
the temperature of the exhaust gas will be kept at a standard
temperature. There 1s a possibility that the relationship
between this ratio and the standard temperature may change
due to individual differences or due to long term deteriora-
tion of the engine 1. For example, 1t has been ascertained
that the ratio above may change due to change of the
pressure within the cylinders 2 (1.e., the internal cylinder
pressure) because of individual differences or long term
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deterioration of the engine 1. That 1s to say, i the cylinder
internal pressure 1s high, then the proportion of the con-
densed water that 1s conducted into the cylinders 2 may
become too small, whereas 11 the cylinder internal pressure
1s low, then the proportion of the condensed water that 1s
conducted into the cylinders 2 may become excessive. It the
proportion of the condensed water that 1s conducted into the
cylinders 2 (1.e. the into-cylinder proportion) becomes too
small or too great 1n terms of the appropriate value, then the
amount ol condensed water that 1s processed within the
cylinders 2 changes, even though the same amount of
condensed water 1s introduced into the exhaust side branch
conduits 15. This change reflects the change of the exhaust
gas temperature with respect to the standard temperature
when the mto-cylinder proportion 1s an appropriate value.

As shown 1n FIG. 8, the relationship T2<T0<T1 holds for
the exhaust gas temperatures 10, T1, and T2 which respec-
tively relate to (1) the case when the into-cylinder proportion
1s appropriate, (2) the case when the 1into-cylinder proportion
1s excessive, and (3) the case when the into-cylinder pro-
portion 1s too small. When the into-cylinder proportion 1s
excessive, then, since the proportion of the condensed water
that remains stagnant within the exhaust side branch con-
duits 15 becomes small, accordingly the temperature T1 of
the exhaust gas that 1s discharged in the exhaust strokes
becomes higher than the standard temperature TO. In this
case, by reducing the amount of the condensed water that 1s
introduced into the exhaust side branch conduits 15, 1t 1s
possible to bring the amount of condensed water that 1s
introduced nto the cylinders 2 closer to an appropriate
value. On the other hand, 1f the into-cylinder proportion 1s
too great, then, since the proportion of the condensed water
that remains stagnant within the exhaust side branch con-
duits 15 becomes great, accordingly the temperature T2 of
the exhaust gas that 1s discharged by the exhaust strokes
becomes lower than the standard temperature T0. In this
case, by increasing the amount of the condensed water that
1s 1ntroduced into the exhaust side branch conduits 15, 1t 1s
possible to bring the amount of condensed water that 1s
introduced into the cylinders 2 closer to an appropriate
value. The amount of supplied condensed water that 1s
introduced into the exhaust side branch conduits 15 1s
correlated with the valve overlap amount. Thus, in order to
cancel deviation of the exhaust gas temperature with respect
to the standard temperature, the ECU 40 implements a
reduction correction amount or an increase correction
amount for the valve overlap amount on the basis of the
exhaust gas temperature.

The program of the control routine of FIG. 9 1s stored 1n
the ECU 40, and 1s read out in a timely manner and
repeatedly executed at predetermined calculation intervals.
The details of the processing of the steps S31 through S33
are the same as the details of the corresponding processing
in the first embodiment (refer to FIG. 4). In other words, 1n
the step S31, the ECU 40 acquires the operational state of the
engine 1. In the step S32, the ECU 40 calculates the
requested supply amount Qw of condensed water on the
basis of the map described above. And 1n the step S33, the
ECU 40 calculates the valve overlap amount OL.

Then 1n a step S34 the ECU 40 refers to the output signal
of the exhaust gas temperature sensor 43 (refer to FIG. 1)
and acquires the exhaust gas temperature T. And 1n the next
step S35 the ECU makes a decision as to whether or not this
exhaust gas temperature T 1s different from the standard
temperature T0. It should be understood that, 1n the pro-
cessing of the step S35, 1t 1s also possible to suppress hunting
by treating a case in which the difference between the
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exhaust gas temperature T and the standard temperature TO
1s greater than a predetermined value as being a case 1n
which the exhaust gas temperature 1s different from the
standard temperature TO, while treating a case in which this
difference 1s less than or equal to the predetermined value as
being a case 1n which the exhaust gas temperature i1s the
same as the standard temperature TO. If the exhaust gas
temperature T 1s diflerent from the standard temperature TO
then the flow of control proceeds to a step S36, while 11 this
1s not the case then the subsequent steps S36 through S38 are
skipped since correction 1s unnecessary, and the flow of
control 1s transferred to a step S39.

In the step S36, the ECU 40 makes a decision as to
whether or not the exhaust as temperature T 1s lower than the
standard temperature T0. The standard temperature TO 1s set
in advance on the basis of the results of testing with actual
equipment, or the like. And, 1f the exhaust gas temperature
T 1s lower than the standard temperature 10, then the flow
of control proceeds to a step S37, in which the ECU 40
corrects the valve overlap amount OL 1n the direction to
decrease 1t. In concrete terms, the valve over amount OL that
was calculated in the step S33 i1s updated by subtracting a
correction amount o from this valve overlap amount OL. On
the other hand, 1f the exhaust gas temperature T 1s higher
than the standard temperature T0, then the flow of control 1s
ransferred to a step S38, in which the ECU 40 corrects the
valve overlap amount OL 1n the direction to increase it. In
concrete terms, the valve overlap amount OL that was
calculated 1n the step S33 1s updated by adding a correction
amount 3 to this valve overlap amount OL. It should be
understood that 1t may be arranged for the correction
amounts ¢. and {3 to be equal to one another; or, alternatively,
they may be different from one another. Moreover, these
correction amounts o and [ may be constant, or may be
variable. If these correction amounts o and p are variable,
then 1t would further be possible to vary them according to
the difference between the exhaust gas temperature T and the
standard temperature TO.

In the step 39, the ECU 40 controls the variable valve gear
23 so as to implement the valve amount OL that was
calculated 1n the step S33, or so as to implement the valve
overlap amount OL after amendment that was calculated 1n
the step S37 or 1n the step S38. And then this cycle of this
routine terminates.

Since, according to the control routine of FIG. 9, if the
exhaust gas temperature T 1s higher than the standard
temperature TO then the valve overlap amount OL 1s cor-
rected 1n the direction to decrease 1t, accordingly the amount
of supplied condensed water that 1s conducted into the
cylinders 2 1s reduced, as compared to the case 1n which this
amount 1s based upon the map. On the other hand, since 1f
the exhaust gas temperature T 1s lower than the standard
temperature TO then the valve overlap amount OL 1s cor-
rected 1n the direction to increase it, accordingly the amount
of supplied condensed water that 1s conducted into the
cylinders 2 is increased. Therefore, 1t 1s possible to bring an
amount of condensed water that 1s supplied into the cylin-
ders 2 that 1s excessive , or that 1s mnadequate, closer to an
appropriate value. By executing the control routine of FIG.
9, the ECU 40 functions as the “condensed water supply
amount control device” of the Claims of this application.

The present mvention 1s not to be considered as being
limited to the embodiments described above; the present
invention could be implemented in various different ways,
provided that 1ts essential scope 1s not departed from. While
the embodiments of the present mvention described above
were engines that were provided with a variable valve gears

10

15

20

25

30

35

40

45

50

55

60

65

12

that were capable of varying the length of the valve overlap
period, 1t 1s not essential for such a variable valve gear to be
provided to the present invention. For example, it would be
possible to implement the present invention as a multi-
cylinder internal combustion engine 1n which the length of
the valve overlap period 1s fixed, so that 1t 1s not possible to
vary the length of the valve overlap period. If the present
invention 1s implemented as a multi-cylinder 1nternal com-
bustion engine of this type, then the amplitude of the
pulsations of the exhaust gas becomes high in the high
rotational speed high load region 1n which the requested
supply amount of condensed water becomes great. Due to
this, even though the length of the valve overlap period 1s
fixed, the amount of condensed water that i1s supplied
becomes greater as compared to the low rotational speed low
load region. Due to this, to some extent, 1t 1s possible to
prevent excess or shortage of the supply amount of con-
densed water.

While the engines 1 according to the embodiments
described above was built as a diesel engine, the engine to
which the present invention 1s applied 1s not limited to being
a diesel engine. Accordingly, 1t would also be possible to
implement the present immvention as a spark ignition type
engine. Furthermore, while the engines 1 were four cylinder
in-line type engines, the arrangement of the cylinders and
the number of the cylinders are not particularly limited. For
example, provided that a plurality of cylinders 1s provided,
the present mvention could be implemented as a V-type
engine or as a horizontally opposed type engine. And while,
in the embodiments described above the outlets of the
condensed water introduction conduits 33 were provided 1n
the branch conduits 16a that were included in the exhaust
side branch conduits 15, 1t would also be possible to chance

these outlets to the exhaust ports 17 that are included 1n the
exhaust side branch conduits 15.

The mvention claimed 1s:

1. A multi-cylinder internal combustion engine to which
an exhaust gas recirculation (EGR) device comprising an
EGR cooler 1s provided, for which a valve overlap period 1n
which valve opening periods of intake valves and of exhaust
valves of each cylinder of the multi-cylinder internal com-
bustion engine overlap one another i1s set, and moreover
comprising a plurality of cylinders, and comprising:

a plurality of exhaust side branch conduits, each provided

to an exhaust side of each of the cylinders;

a condensed water accumulation portion configured to
store condensed water generated by the EGR cooler;
and

a plurality of condensed water introduction conduaits, each
provided for each of the exhaust side branch conduits
so as to open to the exhaust side branch conduit 1n order
to communicate the exhaust side branch conduit with
the condensed water accumulation portion.

2. The multi-cylinder internal combustion engine accord-

ing to claim 1, further comprising:

a variable valve gear capable of varying a length of the
valve overlap period; and

a condensed water supply amount control device config-
ured to control the variable valve gear so that the length
of the valve overlap period changes on the basis of a
requested supply amount of the condensed water gen-
crated by the EGR cooler to be supplied into the
cylinders via the condensed water introduction con-
duits.

3. The multi-cylinder internal combustion engine accord-

ing to claim 2, wherein
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the condensed water supply amount control device 1s
configured to correct the length of the valve overlap
period 1n a direction to decrease it when the tempera-
ture of exhaust gas generated by the internal combus-
tion engine 1s higher than a predetermined standard s
temperature.

4. The multi-cylinder internal combustion engine accord-

ing to claim 2, wherein:

the variable valve gear 1s adapted to be able to open the
exhaust valves during an intake stroke after the valve 10
overlap period has ended; and

the condensed water supply amount control device 1s
configured to control the variable valve gear so that, 1f
a requested value for the length of the valve overlap
period on the basis of the requested supply amount 1s 15
greater than an upper limit value, the exhaust valves are
opened during the intake stroke after the valve overlap
period has ended.

5. The multi-cylinder internal combustion engine accord-

ing to claim 1, wherein 20

the EGR cooler and the condensed water accumulation
portion are disposed vertically above the plurality of
exhaust side branch conduits.
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